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<§) A method of rolling metal in a plurality of rolling stands with each of the stands having two or more rolls. The 
method includes first polishing the surfaces of the rolls to an average roughness of less than 0.3 microns, after 
which the roll surfaces are textured with a plurality of minute micron size craters. The roll surface and craters are 
then coated with a dense, hard material before the rolls are lubricated and used to reduce the thickness of the 
metal in the stands. To this end. the metal is directed through the stands, the craters being capable of retaining 
and carrying lubricant into the bites of the rolls without substantial adherence of metal to the roll surfaces and 
without substantial generation of wear debris on the surfaces of the rolls and rolled material. 
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The present invention relates generally to rolling metal plate, strip and foil, and particularly to a tooling 
surface finishing process that provides both the work rolls and backup rolls in each stand of a rolling 
operation with micro-engineered surface textures and coating material. The surface textures and coating 
material act to minimize the generation of wear debris, provide suffici nt rolling traction and control frictional 
5 forces by ensuring adequate lubrication in the tooling/workpiece interface. The tooling surface finishing 
process begins with those rolls used in a reversing (breakdown) mill, that prepares an ingot for further hot 
and cold rolling by reducing its thickness, and ends with those rolls used in the last stand of a cold rolling 
mill or foil mill. 

With reference to traction, a certain minimum traction is necessary between the work rolls of a mill and 

to plate, strip or foil being rolled to achieve desired reductions in the thickness of the rolled material (i.e., the 
plate, strip or foil). Traction between back-up rolls and work rolls and between work rolls and the rolled 
material is problematic since, with liquid lubrication and highly polished rolls, slipping tends to occur 
between the back-up rolls and the work rolls as well as between the work rolls and rolled material. If the 
surfaces of ground and chrome plated rolls are rough to the extent that substantial traction is assured, then 

75 the rolls will tend to micro-machine the surface of the material being rolled by dislodging material from the 
rolled surface. This machined material is comprised of metal and hard metal oxide particles which collect 
on the surface of the rolled material. This is a particularly tenacious problem with aluminum plate, strip or 
foil since the relatively hard aluminum oxide particles machined from the surface of the rolled material 
embed themselves into the softer (nascent or un-oxidized) aluminum which can then adhere or back- 

20 extrude into the texture of the roll surface producing a roll coating effect This leads to a continuation of the 
re-transfer process of hard particles from the roll to the rolled material surface. 

The previously mentioned problems attain an even greater significance in a tandem rolling mill with 
conventionally ground rolls. The individual stands in a tandem rolling mill generally use a single coolant- 
lubricant which coolant-lubricant is filtered at a single lubricant cleaning location, often referred to as an "oil 

25 house." With the generation of excessive quantities of wear debris, the filtering demands on the oil house 
are substantially increased. 

An additional aspect of the tandem mill is the differing lubrication conditions which exist within each 
stand. These differences in lubrication conditions between individual stands arise from the differing rolls 
speeds, temperatures, reduction ratios, material thicknesses and front/back tensions applied to the roll d 

30 material in each stand. The difference in lubrication conditions are not caused by the use of differ nt 
coolant/lubricant systems. Rather, the physical and chemical properties of the coolant/lubricant are the 
same across the mill; one way to change the lubrication conditions in each stand is to optimize the texture 
of the roll surfaces for that stand. 

Difficulties in rolling aluminum arise in part because of the tendency of nascent aluminum to adhere to 

35 the roll surfaces. Adhesion is especially pronounced when there is an inadequate amount of lubricant in the 
roll bite, the quality of the lubricant is poor and the roll surface roughness is such that it contributes to the 
adhesion problern by ploughing the worked material surface and retaining a small portion of the material. 
Since the aluminum surface itself is soft, adhesion to the roll surface with subsequent re-transfer of the 
adhered material to the surface of the rolled material results in severe surface damage to the rolled material 

40 in the form of rolled-in dirt and/or black surface streaks which are a mixture of aluminum wear debris and 
lubricant residue. The rolled material will, therefore, have little market value and must be relegated to scrap, 
with subsequent recycling. The roll surfaces must be refinished to remove adhered material in order to 
ensure the surface quality of rolled material in future operations. 

In the operation of continuous hot mills and reversing (breakdown) mills, proper lubrication conditions 

45 are very difficult to achieve and excessive wear debris transfer to the work roll surface is the rule due to 
high roll surface and rolled material surface temperatures. The extreme temperatures cause partial 
evaporation of the lubricant prior to its entering the roll bite. A resulting vapor layer prevents oil "plate-out" 
on the roll surface. This promotes decomposition of organic lubricant inside the roll bite and subsequently 
leads to rupture of protecting boundary films on the roll surface. Excessive wear debris transfer is also due 

so to lower rolling speeds, higher roll surface roughness and the substantial thickness reductions of the rolled 
material. When combined, these factors preclude a hydrodynamic effect and lead to elevated interface 
pressures, temperatures, high micromachining of the strip surface and an extension of the length of contact 
between the roll and rolled material in the roll bite. Auxiliary equipment, such as scratch brushes, must be 
employed to remove metal transferred to the roll surfaces. Failure to remove the transferred material results 

55 in substantial metal re-transfer to the rolled material surface, as discussed above. Additional steps, such as 
the use of a scratch brush, contribute to the mechanical intensity (i.e. another process step and apparatus) 
of the hot rolling operation, and increase rolling costs. 

Severe roll wear between work rolls and backup rolls due to three body abrasion and localized plastic 
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deformation occurs at the location where the largest wear particles preside. This requires redressing of the 
rolls surfaces which leads to costly down time and an excessive inventory of ground rolls. 

All of the previously discussed problems pertaining to the rolling operation may be attributed to current 
roll shop finishing operations, which generally involve one or more grinding operations. Since grinding is a 
5 stochastic process which produces a random surface roughness on the rolls, a roll surface will be unable to 
properly mitigate lubricant rheotogy and friction in the roll bite. 

Summary of the Invention 

70 It is therefore a primary objective of the present invention to provide a roll surface finishing scheme 
which is flexible enough to accommodate the differences in lubrication conditions in each stand of a 
commercial rolling mill, starting from the reversing mill and ending with the final stand of the cold rolling 
mill, such that a roll surface finish is produced that adequately mitigates friction, lubrication and wear in a 
given stand of the mill. 

75 The above objective is accomplished through three individual steps into which the surface finishing 
scheme is divided. In the first step, which is a pre-processing step, the roll surface is polished/ground to a 
mirror finish, i.e., a finish that has an average surface roughness of less than 0.3 microns, and preferably 
falling in the micron range of up to 0.1 micron. In the second step, which is a direct processing step, the roll 
surface is provided with a texture of micron-size discrete indentations or craters, with a possible exception 

20 of that roll to be used in the final (cold) rolling stand. An individual crater possesses an annular lip along its 
bank. The lip is formed from a combination of the locally melted substrate which is raised due to the 
pressure from a focused energy beam device and/or gas assist, if one is used, and the subsequent 
deposition of evaporated or vaporized material. The physical dimensions of the lip, i.e., diameter and height, 
are contingent upon the technique used to process the crater, which technique generally involves a focused 

25 energy beam device such as a laser or electron beam. For rolls, employed in the earlier stands of the hot 
rolling process, the lips are partially removed, i.e., the vaporized deposition, which generally forms a weak 
metallurgical bond to the roll surface, is removed completely, leaving only a slight raised portion due to the 
melted substrate. The raised portions provide the needed traction in the earlier stands of hot rolling where 
very thick gauge materials are rolled. For rolls employed in the later stands of hot roiling or earlier stands of 

30 cold rolling, the lips are substantially removed leaving depressions in the roll surface. The removal process 
involves a polishing operation. Both textual configurations serve to draw more lubricant into the hot or cold 
rolling roll bite and effectively lubricate the roll/sheet surface conjunction and at the same time provide the 
needed traction. 

The third and final step of the surface finishing process involves the aforementioned polishing process 

35 followed by the application of a hard surface coating material which is compliant to the local surface texture 
of the roll. In the case of the latter stands of the cold rolling process, the vaporized deposition portion of the 
crater lip is removed by a polishing process leaving the melted portion of the crater lip. The size of the 
crater, i.e., diameter and depth, on a roll in a latter stand of the cold rolling process, is smaller than that on 
a hot roll. The polishing operation leaves a very slight annular lip along the bank of the crater. 

40 The crater polishing and coating operations are such that the remaining portion of a crater lip has a 
very shallow slope, the slope failing in the range of less than 25* with respect to the nominal roll surface for 
differing applications. When these shallow lips enter the roil bite, the lips gently "plow" into the cooperating 
surfaces of the roll and roiled materia! to provide traction sufficient to prevent slipping but without 
generating excessive wear debris, as is the case with ground rolls. The depressions will provide sufficient 

45 lubricant in the roll bite to prevent adhesion of rolled material to the work roll surface. The lips, in turn, form 
micron-sized depressions in the surface of the rolled material, which depressions will retain small amounts 
of lubricant in future metal forming operations, which includes further rolling of the rolled material in a next 
stand, as well as deep drawing and ironing, and stamping of the rolled material, for example. 

With the lessening of wear debris generation in the roll bite, the rolled product and the rolls remain 

so cleaner and the surface quality of the final rolled product is greater than with conventional roll grinding 
practices. 

The rolls of the final stand or stands of the cold rolling operation can be provided with the helical 
groove, instead of craters, described in pending U.S. Patent Application Serial Number 342,300, filed on 
April 24, 1989 in the names of present inventors. The disclosure of this application is incorporated herein by 
55 r ference, as if set forth in its entirety herein. 

Th micron-sized craters can be created by a narrow, highly focused electron beam or laser beam, th 
av rage diameter of the crater generally being a few multiples of the width of the lectron beam or 
wavelength of the laser radiation. The impact of the electrons comprising the electron beam or absorption of 
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electromagnetic radiation by the surface layer of the roll creates each crater through a combination of 
melting and evaporative cutting. In the course of this type of micromachining process, a fraction of the 
surface material is displaced onto the banks of the crater through the evaporative cutting action and a 
fraction is displaced through melting within the crater its If, each process contributing to the overall size of 

5 the resulting lip. The evaporated material is generally easy to remove via a light polishing operation (as part 
of the post-processing step) whereas the melted portion is not. Removal of the majority of the deposited 
materials ensures that it will not lose its desired function and consequently become wear debris during the 
rolling process. In addition, the coating of the roll surface with a hard, dense material coats the micron-sized 
indentations and the melted portion of the lip with said material such that the depth of the indentations and 

io slope of the remaining lip is reduced. 

Indentations in the roll surface can also be effected by chemical etching processes. Such processes 
tend not to deposit material about the banks of the indentations. 

A substantial number of patents and publications have appeared in recent years directed to the use of 
laser devices to create micron-sized craters in rolling mill rolls, in particular reference to the rolling of steel. 

rs The disclosures of these patents and publications, however, do not deal with the problem of the strong 
tendency of the adhesion of strip material to a steel roll surface. Such adhesion, mechanical interlocking 
(i.e.. seizure) and back extrusion of rolled material, such as aluminum, which is softer than the steel 
comprising the mill rolls, and the subsequent generation of wear debris can be a particular problem when 
taking substantial reductions in thickness at high rolling speeds. 

20 U.S. Patent 4,806,731 to Braggard et al. is concerned with the "pulling off" of ridge material formed 
about indentations provided in a mill roll by an intermittent laser beam. To care for the "pull off" problem. 
Braggard et al. locate each ridge of material to one side of the indentation and over a heated zone of the 
roll surface caused by impact of the laser beam. In addition, Braggard et al. suggests the use of a second 
laser beam to remelt the ridge on the roll surface to control the pull off problem. There is no discussion in 

25 Braggard et al. about a pre-preparation step (i.e., polishing/grinding of the roll surface to a mirror finish) and 
a post preparation step, i.e. removal of vaporized deposition and the application of a subsequent hard 
coating to the roll surface. 

It will be further noted that Braggard et al. use a CO2 laser and a rotating disc to provide an intermittent 
beam. The diameter of a crater or depression produced by a CO2 laser in theory cannot be less than 10.64 

30 microns since this is the wavelength of light emitted by such a laser. In principle, it is possible to produce a 
crater or depression with a diameter larger than 10.64 microns using a few multiples of the wavelength. 
When aluminum sheet is rolled with a roll having a 10.64 micron or larger size roughness, the surface 
texture imparted to the sheet can be detected by the human eye; from the packaging customer standpoint, 
this is undesirable especially in the latter stands of cold rolling. Also, the size of the crater lip produced by 

35 the C0 2 process is likely to be unacceptable since it would generate significant wear debris in both hot and 
cold rolling of aluminum material. 

The coupling efficiency of CO2 laser energy to a mirror-finished tool steel surface is not as good as that 
from a frequency-doubled Nd:YAG laser, which laser produces light at a 0.532 micron wavelength. With a 
CO2 laser, if no external coupling medium is used or if the roll surface is nearly mirror-finished, much of the 

40 CO2 beam is reflected. In addition, due to poor coupling, the surface roughness produced by the CO2 laser 
on a mirror-finished roll will be somewhat sporadic. The CO2 process requires oxygen in order to produce 
an exothermic reaction on the roll surface to create the desired roughness. A YAG laser requires only a gas 
assist from a shop air line, which is less costly than using pure oxygen, and readily available in most 
production environments. Such gas (air) assist effectively displaces the plasma/vapor generated by 

45 beam/metal interaction and thereby prevents the plasma/vapor from scattering light, thus allowing the YAG 
energy to effectively couple with the mirror-finished surface. 

A mechanical beam chopping element, as used by Braggard et al, serves to increase somewhat the 
peak power of the CO2 pulses, but not nearly as much as the peak pulse energies produced by a Q- 
switched YAG laser. 

so The primary purpose behind the pre-processing step that produces the mirror-finished roll surface 
roughness in the present invention is to minimize, as much as possible, the stochastic element in surface 
roughness which results from grinding. In effect, starting with a mirror-finished roll surface substantially 
reduces the presence of grinding marks on both the roll surface and the sheet surface. This makes both 
sheet surface brightness and sheet formability easier to control with the laser processed roll texture. 

55 In addition, it will be noted that the Braggard et al. apparatus is mechanically intensive, as it involves a 
continuous wave laser that requires mechanical chopping. In addition, the Braggard et al. process becomes 
even more mechanically intensive with the use of a second laser beam to melt and weld a ridge adjacent 
each crater on the roll surface. 
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The surface roughness provided by the Braggard et al. process may be acceptable for rolling steel, in 
which temper rolling at low thickness reductions under minimal lubrication conditions in a final stand is 
common. It is unacceptable for rolling aluminum and other light, nonferrous metals, as such metals tend to 
adhere to and extrude into the craters and hence are picked up by the rolls and subsequently re-transferred 
5 to the surfaces of the metal being rolled. Such problems must be carefully solved through design of the 
texture to be applied to the roll surface. A way to best achieve this is by properly manipulating a focused 
beam of energy employed to apply the surface texture, and integrating such a direct processing step into 
an entire surface finishing scheme which includes both the pre- and post-processing operations. 

io The Drawings 

The invention along with its objectives and advantages will be best understood from consideration of the 
following detailed description and the accompanying drawings in which: 

Fig. 1 is a schematic view of a rolling process employing a plurality of stands; 
75 Fig. 2 is a cross sectional view of a portion of a roll surface for earlier stands of a hot rolling mill and the 
last stand of a cold mill; 

Fig. 3 is a cross sectional view of a portion of a roll surface for the latter stands of a hot mill or earlier 
stands of a cold mill; 

Fig. 4 is a plan view of the surface shown in Fig. 2; and 
20 Fig. 5 is a photomicrograph of the surface of a work roll in a final stand or stands of a cold rolling 
operation magnified 200 times. The photomicrograph shows micron-sized craters formed by a laser 
device, the depth of the craters, as formed, being on the order of 3.0 microns. 

Preferred Embod[mjent 

25 

As discussed earlier, the present invention is directed to a roll surface finishing scheme that comprises 
three separate steps, the purpose of which is to micro-engineer the roll surfaces of each stand of a rolling 
mill such that the resulting roil surface is tailored to meet the needs of the lubrication conditions of that 
stand. The results are substantially reduced wear debris generation, and a decrease in all the problems 

30 associated with wear debris. This includes the manufacture of high quality rolled products, as the product 
surfaces are thereby engineered for particular end results or uses (e.g., brightness, formability, etc.). 

Referring now to Figure 1 of the drawings, three rolling mill stands (1, 2, 3) are depicted schematically 
to represent all stages of a process 10 for reducing the thickness of metal material by rolling, from the 
breakdown of an ingot 12 in a stand 1 of the above stands, to the final pass of sheet 14 through a cold mill, 

35 which is represented by a stand 3. Hence, for purposes of the remaining discussion, stand 1 represents a 
reversing (breakdown) mill, stand 2 represents a hot mill, which usually includes multiple stands, to reduce 
the thickness of a plate 16 issuing from the breakdown process to a gauge suitable for coiling. After a coil 
of 16 is formed, it is transported to a cold mill (stand 3) where the coil is unwound and directed through the 
cold mill to further reduce its thickness. 

40 Most mills stands include relatively small diameter work rolls 18, which diameters generally fall within 
the range of about ten to thirty inches, and larger diameter backup rolls 20, the diameters of which 
generally fall within the range of about thirty to fifty inches, though the concepts of the present invention are 
applicable to mill stands employing only two rolls and more than four rolls. 

Work rolls 18 and preferably backup rolls 20, in the present invention, are prepared in a manner to 

45 provide sufficient traction while simultaneously substantially minimizing the generation of wear debris. This 
is accomplished with a three step roll surface finishing process. In the first step of the process, a roll 
surface is polished or ground to the extent that its average roughness falls preferably within the range of up 
to 0.1 micron. In the second step of the process, the polished or ground surface is provided with micron- 
sized craters or depressions 22. as shown in the photomicrograph of Figure 5 and in the sectional views of 

so the roll portions in Figures 2 and 3 of the drawings. 

The craters or depressions 22 are preferably formed with an electron beam or a laser beam (not shown) 
described in some detail hereinafter. As initially formed, the depth of the crater is on the order of five 
microns and this depth is reduc d when the roll surface receives a hard coating 23 (Figs. 2 and 3) during 
step three of the surface finishing scheme. Such a coating can, for example, be a thin e.g. less than ten 

55 microns, dense chrome or similar material. Such a coating has been found to be effective in substantially 
reducing adhesion of rolled material 12 and 16 to the surfaces of rolls 18. And, because of the shallow 
depth and gentle slope of each depression 22 (less than 25*), micro-cutting action of the roll surface into 
the softer material of 12 and 16 is greatly minimized so that wear debris, which would then be picked up by 
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the roll surface, is minimized. (In Figs. 2 and 3, the direction of roll rotation and strip movement is shown by 
arrows 25.) Coating 23, in addition, helps to preserve roll surface texture so that frequent redressing of the 
rolls by grinding is unnecessary. 

The spacing between successive craters 22, in both the rolling and transverse directions, is generally 
5 determined by the length through which the rolls contact the strip to be rolled in the roll bite, and the speed 
of the rolling process. The preferred spacing of craters in both directions is less than thirty percent of this 
contact length, this latter quantity being given approximately by Lc, where: 

U = VaRtT (1) 

70 

where: 

R = thickness reduction ratio, which is a ratio of the amount of strip reduction relative to the original 
thickness of the strip 
is a = roll radius 

ti = metal entry gauge 

The size or span of the nominal crater diameter of each crater 22 is constrained by four factors. The 
first factor is the wear mechanism in the roll bite. From a wear standpoint, the lower the density and the 
smaller the nominal diameters of the craters, the lower is the rate of wear debris generation. The 

20 significance of small, shallow lipped, low density craters lies in the fact that the workpiece surface slides 
relative to the roll surface during rolling. Due to the reduction in thickness of the workpiece (i.e.. due to 
volume constancy of plastic deformation) along the roll bite, the speed of the workpiece increases from its 
entry into the rolls to its exit from the rolls. This effect is particularly pronounced in the relatively high rolling 
speeds used to roll aluminum. There is a point within the roll bite known as the neutral point at which the 

25 velocities of the rolled material and the roll surface are identical. Prior to reaching this neutral point, the roll 
surface moves faster than the workpiece surface in the rolling direction. After the material of the workpiece 
crosses the neutral point, it moves faster than the roll surface. Because of this differential speed effect in 
the roll bite, the roll surface tends to smear the workpiece surface. Wear debris generation is thus 
proportional to the distance through which the roll surface smears the workpiece surface. In cold rolling, the 

30 smearing distance SD is given approximately as: 




SD = 

3 (l-R) 



where the designations are the same as defined above in reference to Equation (1). There is no known 
counterpart to Equation (2) for hot rolling. However, the smearing distance SD for hot rolling is known to be 

40 proportional to the reduction ratio, the roll radius and the entry gauge of the material to be rolled. 

Wear debris generation is also proportional to (1 ) the asperity (peak) count of peripheral deposits 24 
(Figs. 2 and 4) of roll material located along the banks of craters 22, (2) the asperity slope of 24 and (3) 
nominal roll surface roughness. In general, the higher the density of craters 22, the larger the slope of 
deposited material 24 and hence the higher the rate of wear debris generation. 

45 The second factor that mitigates the size of craters 22 is the required amount of traction in the roll bite. 
The minimum size of the crater is constrained by the minimum traction needed to achieve necessary 
reductions in metal thickness. Higher rolling speeds, such as those in cold rolling operations, generate a 
thicker lubricant film in the roll bite. Therefore, large craters or depressions at high density on the roll 
surface are preferable for purposes of providing adequate traction to prevent pure hydrodynamic or full film 

so lubrication. 

It is clear that the aforementioned two factors (i.e., small, low density craters versus larger, high density 
craters) work against each another in the roll bite, and a balance between the two must be achieved. 

A third factor that constrains crater size is the wavelength and temporal profile of the focused laser 
beam or the width of the focused electron beam. Ideally, one should be able to micro-machine a crater 
55 diameter that matches the wavelength of the laser beam. In practice, one is limited to a small multiple of 
this value due to diffraction (e.g., when using a beam having a Gaussian or bell-shaped intensity profile), 
imperfect optics and beam stability. The wavelength of the beam also mitigates the amount of beam energy 
that is effectively absorbed in the surface plane of the roll. The temporal profile of the laser, which should 
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g enera jjy be pulsed, mitigates the amount of energy which impinges upon the roll surface per unit time and 
hence the amount of energy which can be absorbed in that time. In addition, the overall shape and quality 
of the craters is controlled, in part, by the energy of the impinging beam, beam impingement angle and 
angle of gas assist, if such is needed. 

5 The fourth factor that effects crater size is the resolution provided by the human eye. In the packaging 
industry, for example, the customers of metal sheet products generally prefer a uniform, smooth and shiny 
sheet surface, the surface having a texture that is not perceptible by the human eye. Therefore, the 
maximum diameter of a crater must not exceed 30.0 microns on the strip issuing from the final stand of a 
cold mill (a size not discernable by the human eye). 

70 In hot rolling, there is no specified limit since the surface texture will be masked by subsequent rolling 
operations. 

The surface textures applied during step two of the finishing process, as thus far described, can be 
made with a high degree of precision by use of a focused energy beam device (not shown), a preferred 
device being the Q-switched Nd:YAG laser discussed in the above-mentioned patent application Serial 

75 Number 342,300. Such a laser offers flexible wavelength selection and thus one can process roll surface 
textures (craters) of differing widths and depths, as texture dimensions are directly related to the wavelength 
of the electromagnetic energy of the beam. This aspect is discussed in the above application, the details of 
which are incorporated herein by reference. 

Another focused energy beam device capable of processing surface textures of the invention is an 

20 electron beam. Such a device provides a focused beam of particulate matter (i.e., electrons). An electron 
beam device has a particular advantage over most laser devices in that its processing speed is greater, as 
the light energy of a laser requires a small period of time to heat a surface prior to crater formation. The 
particulate matter of an electron beam forms the crater immediately, though it does possess a disadvantage 
over the laser device in that the roll and beam must be placed in a controlled environment, i.e., in a vacuum 

25 chamber, such a chamber being unnecessary with a laser. 

Both devices can be controlled by a computer, which affords minimal variation in the application 
process. 

With such consistent formation of craters in a roll surface, as provided by electronic control of the 
above mentioned focused energy beam devices, the present invention cares for the intricate interface 
30 physics of roll-to-roll surfaces and roll-to-strip surfaces in a manner that enhances traction while simulta- 
neously minimizing wear debris generation during the total process of rolling metal, particularly light metals, 
such as aluminum and its alloys, from the breakdown stand to the final stand of a rolling mill from which the 
final rolled product exits. 

The precise control and engineering of the textures of rolls can also be provided by certain chemical 

35 etching processes. For example, the roll can first be masked in an enclosure provided with precisely located 
and sized perforations. The roll is then rotated through a bath of a chemical etching compound, the 
precisely located and sized perforations allowing etching of the roll surface at the locations of the 
perforations. The etching compound removes roll surface material sufficient to create micron sized 
depressions. When the rotation is completed, the enclosure is removed from the roll, and the roll then 

40 coated with a hard dense material, as described in further detail below. 

Such an etching process does not provide depressions 22 with peripheral deposits 24. Therefore, such 
a chemical etching process would be preferably used in the earlier stands of an integrated rolling process, 
i.e.. in the latter stands of a hot rolling mill and the earlier stands of a cold rolling mill. 

In step three of the surface finishing process, the ridge of deposited material 24 (Figs. 2 and 4) around 

45 the banks of craters 22 is partially or substantially removed from those roils to be used in the earliest stands 
of the rolling operations, i.e., those stands which involve hot rolling or the early stands of cold rolling. The 
process of removing deposited material involves either one or a combination of the following procedures: 
lapping, power brushing, chemical and electrochemical finishing, electropolishing, chemical polishing, or 
additional mechanical polishing procedures. Any remaining vapor deposited material is preferably no more 

so than ten percent of the total vapor deposited material. 

Figure 3 of the drawings shows in section two craters 22 formed in the surface of a mill roll. Periph ral 
depositions of roll material about the crater banks have been removed so that only the minute depressions 
of 22 remain. In removing the deposited material, wear debris gen ration is minimized since the potential 
for micro-asperity cutting or plowing of the roiled surface of 16 by the surface of roll 18 is minimized. 

55 Rather, as shown in Figure 3, the edges of the depressions are relatively smooth so that the only 
impressions or prows (mounds) 26 made in the surface of rolled strip 16 are those in which strip material 
moves into depressions 22 to form micron-sized prows 26 of rolled material 16. This partial extrusion of 
rolled material 16 into craters 22 as 16 moves in the direction of arrow 25 in Fig. 3, provides extra traction 
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to successfully conduct the rolling operation. In the course of partial extrusion, the rolled surface of strip 16 
causes an expulsion of entrapped lubricant in th roll texture, as shown by arrows 28 in Figure 3, thereby 
effectively re-lubricating th tooling-workpiece interface in the vicinity of mounds 26 and craters 22. 

Through design of the roll texture micro-geometry and spacing of the texture, i.e., the depressions, as 

5 discussed above, a delicate balance between traction and the re-lubrication mechanism provides the 
necessary traction to achieve the required reduction in the rolling operation while at the same time reducing 
wear and adhesion of rolled material to the roll surface through consistent re-lubrication of the interface. 
These prows or mounds are removed and or smeared from the rolled surface of strip 16 in subsequent 
rolling operations such that when the strip reaches the final stand of the cold rolling operation, the surface of 

io the sheet can be prepared to customer specifications by work rolls used in the final stand 3 that have their 
own micro-engineered surfaces necessarily differing from those surfaces applied to rolls used in previous 
stands. 

The micro-geometry of the craters 22 and their frequency on the roll surface is controlled for the 
purpose at hand. For example, traction and lubrication in a breakdown mill is peculiar to the breakdown 
is process and thus different from traction and lubrication in other rolling processes. The size (i.e., depth and 
width) and frequency of the craters must be chosen according to the requirements of the particular stand 
and rolling process. 

Figure 2 of the drawings shows a roll section provided with a crater 22 having a doughnut-shaped (Fig. 
4) deposit of roll material 24 located about the crater bank. As mentioned earlier, the peripheral outside 

20 slope of the deposited material can be reduced by light polishing or buffing of the roll surface since it does 
not form a strong metallurgical bond to the unprocessed roll surface. What remains after its reduction is a 
gentle raised portion located along the periphery of the crater. The raised portion consists of a re-solidified 
portion of the original deposit, i.e.. the re-solidified portion was melted instead of being evaporated by the 
impact of the crater forming beam. The slope of this remaining raised portion should be no more than 25* 

25 relative to the nominal surface of the roll. In this manner, the raised portion does not dislodge from the roll 
surface or significantly micro-machine the surface of the rolled material to generate unacceptable levels of 
wear debris. At the same time, the raised portions of the craters form doughnut-shaped depressions in the 
softer workpiece material being rolled (i.e., softer than the steel rolls), which depressions provide lubricant 
traps to enhance lubrication in future forming operations involving the rolled strip. 

30 Further, the raised peripheral portions 24 of the craters 22 enhance traction between the strip and work 
rolls to effect desired reductions in the thickness of the strip being rolled, while simultaneously controlling 
frictional forces and the wear mechanism in the roll bite. 

With the craters thus formed, along with annular raised portions 24, where used, each backup and work 
roll is coated with a hard dense material. A material that has been found suitable for this purpose is a thin 

35 layer of dense chrome. 

The coated low profiles of the roll, as depicted in Figure 3 of the drawings, for example, are highly wear 
resistant, as the raised portions 24 have low stress concentration upon contact with the surface material of 
strip 16 or backup roll surface, there being no significant peaks of roll material to be worked and broken. 
The profile in Figure 3 of the drawings, of course, has no peripheral raised portions around the craters such 

4o that the roll is smooth to within a 0.1 micron range, the craters having a depth on the order of three 
microns. 

In the final analysis, friction, lubrication and wear in the entire rolling process is controlled in a manner 
heretofore unknown. 

While the invention has been described in terms of preferred embodiments, the claims appended 
45 hereto are intended to encompass all embodiments which fall within the spirit of the invention. 

Claims 

1. A method of rolling metal in a plurality of rolling stands, with each stand having two or more metal rolls 
so including work rolls, comprising: 

grinding the surfaces of said rolls to an average roughness of less than 0.3 micron, 
texturing the ground surfaces with a plurality of minute micron sized depressions, 
coating the textured roll surfaces with a hard, dense material, 
providing the roll surfaces with a lubricant. 
55 directing the metal serially through the plurality of stands, said craters being capable of retaining 

and carrying lubricant into the bites of the rolls without substantial adherence of the metal to the roll 
surfaces, and without substantial generation of wear debris on the surfaces of the rolls and rolled metal, 
and 
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maintaining a compressive force on said metal within the work rolls to reduce the thickness of the 
metal. 

2. The method of claim 1 including: 

using a chemical etching process to form said depressions. 

3. The method of claim 1 including: 

providing means capable of producing a narrow beam of energy, 
producing said narrow beam of energy, 
directing said beam to said roll surfaces, and 
forming said depressions with said beam. 

4. The method of claim 3 including: 

utilizing an electron beam device to provide said narrow beam of energy. 

5. The method of claim 3 including: 

providing a laser device, 

using said laser device to provide said narrow beam of energy. 

6- The method of claim 1 in which the step of providing the micron size depressions deposits vaporized 
roll material about the peripheries of the depressions, the method including the additional step of: 
removing the vaporized deposited material. 

7. The method of claim 6 in which the material deposited about the depressions has an angle on its 
outside slope that is no greater than 25* with respect to the nominal surface of the roll. 

8. A method of rolling metal in a plurality of rolling stands having a plurality of metal roils, comprising: 

polishing the surfaces of said rolls to an average roughness in a range of up to 0.1 microns, 

texturing the polished surfaces of the rolls of earlier stands and intermediate stands of the plurality 
with minute, micron size craters, 

texturing the rolls of the final stand or stands of the plurality of stands with a surface finish tailored 
to the purposes of the end use of the rolled metal, 

coating the rolls of the earlier, intermediate and final stands with a hard dense material, 

directing the metal serially through the plurality of stands, 

maintaining a compressive force on the metal in said stands to reduce the thickness of the metal in 
the stands, and 

using said craters to retain and carry lubricant into the bites of the rolls such that substantial 
reductions in the thickness of the metal can be taken without substantial adherence of the metal to the 
roll surfaces, and without substantial generation of wear debris on the surfaces of the rolls and rolled 
metal. 

9. A method of preparing the surfaces of the rolls of the stands of a rolling operation with textures adapted 
to the rolling idiosyncrasies of each of said stands, the method comprising: 

polishing the surfaces of the rolls to an average roughness in the range of up to 0.1 microns, 
providing the polished roll surfaces in each stand with spaced apart micron-sized craters before 
said surfaces are coated with a hard, dense material, the dimensions of and distances between the 
craters being adapted to the lubrication, friction, and traction requirements of a particular stand after the 
surfaces are coated with a hard dense material, and 
coating the roll surfaces with a hard dense material, 

said coated craters being able to retain lubricant and carry the same into the bites of the rolls of 
the particular stand, without substantial back extrusion of material into the craters, and without 
substantial generation of wear debris on the surfaces of the rolls and rolled material. 

10. A method of preparing a roil surface for rolling metal in a rolling mill, comprising: 

polishing the roll surface to an average surface roughness that lies in the range of up to 0.1 
microns, 

forming minute, micron size craters in said roil surface, the forming of said craters tending to 
deposit surface metal about the peripheries of the craters because of a vapor generated in the crater 
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forming process, 

r moving said vapor deposited metal from the said peripheries such that the height of any 
deposited metal remaining on the roil surface is no greater than ten percent of the removed material, 
and 

5 coating the roll surface with a hard, dense material after the craters are formed and after the 

deposited metal is removed. 

11. The method of claim 10 in which the step of removing the deposited metal is accomplished by lapping 
the roll surface with a lapping compound. 

ro 

12. A method of preparing the surfaces of the rolls of a plurality of stands for rolling aluminum metal when 
said metal is directed through said stands, the method comprising: 

polishing the surfaces of said rolls to an average surface in the range of up to 0.1 microns, 
texturing the polished surfaces of the rolls of the earlier stands with minute, micron size indenta- 
is tions, 

texturing the work rolls of the final stand or stands of the plurality of stands with a surface finish 
tailored to the purposes of the end use or uses of the rolled metal, and 

coating the rolls of the earlier and final stands with a hard dense material, said coated textured 
surfaces being capable of retaining and carrying lubricant into the bites of the rolls such that substantial 
20 reductions in the thickness of the metal can be taken in said stands with substantially no back extrusion 
of rolled metal into the indentations, and with substantially no generation of wear debris on the surfaces 
of the rolls and rolled metal. 



25 



30 



35 



40 



45 



50 



55 



BNSDOCIO: <EP 0458162A? I > 



10 



EP 0 456 162 A2 




Fl G. I 



-18 (20) 




F I G. 2 



-18(20) 




F I G. 3 



BNS0OCID: <EP 0456162A2_I_> 



11 



EP 0 456 162 A2 




F I G. 5 



BNSDOCfO <EP 04561 62A2 I > 



12 



3 



European 
Patent Offic 



EUROPEAN SEARCH 
REPORT 



Application Number 

EP 91 10 7322 



DOCUMENTS CONSIDERED TO BE RELEVANT 




Category 


Citation of document with Indication, wnere appropriate, 
of relevant passages 


Relevant 
to claim 


CLASSIFICATION OF THE 
APPLICATION (Int. OJ5) 


X 
Y 

A 


EP-A-0 253 366 {KAWASAKI STEEL) 

• pages 4, 11, 13 - 15. 17, 18. 21. 23; figures 38. 50 • ' 


10 

1,3.5,6.8. 

9.11 

12 


B 21 B 1/22 
d pi d 97/on 


v 


ID A Alrt 4n<l /WAWACAk"! CCITCTCI IMQQ/l 
Jr*A*oy Ul U 4UJ (r\M VYMoMrxl OCl 1 C 1 oU)l go4 

* the whole document * & PATENT ABSTRACTS OF JAPAN, 
vol. 8, no. 94 (M-293)(1531) 28 April 1984 • 


1 O C ft Q 

1 ,0,5,0,0, 

9 




Y 


US-A-4 794 680 (MEYERHOFF ET AL.) 
" columns 5. 6. 8, 9 " " 


11 




D.P.A 


US-A-4 996 1 13 (HECTOR ET AL.) 
* column 4 - column 8; figures 1 -3 " * 


1,3,5-12 




A 


OPTIK. vol. 77. no. 2. September 1987. STUTTGART DE 
pages 83 - 92; W. BOPPEL: 'Schnelles Elektronenstrahlg- 
ravierverfahren zur Gravur von Metal Izylindern' 
• pages 83. 87. 88. 90, 91 : figures 7 - 10. 1 5 * " 


1-10,12 




A 


EP-A-0 338 816 (KAWASAKI STEEL) 


1-3.5, 


TECHNICAL FIELDS 
SEARCHED (int. Ct.5) 




* columns 2 - 5. 7 -9; figures 1 -3 ' m 


8-10 


B 21 B 


A 


EP-A-0 255 501 (CENTRE DE RECHERCHES METAL- 

LURGlGUESl 

* the whole document * * 


1,3,5, 
8-10 


B 23 K 


A 


FR-A-2 248 091 (ALUMINIUM SUISSE). 
• claims " " 


1,8-10,12 




A 


EP-A-0 342 408 (MITSUBISHI JUKOGYO) 
* the whole document * " 


1.8,9.12 




The present searcn report has Deen drawn up for ell claims 







Place of searcn 

The Hague 



Date of completion of searcn 

17 Dec mber 91 



Examiner 

ROSENBAUM H.F.J. 



CATEGORY OF CITED DOCUMENTS 
X : particularly relevant If taken alone 
Y : particularly relevant if combined with another 

document of the same cat a gory 
A : technological background 
O: non-written disclosure 
P: intermediate document 
T : theory or principle underlying the Invention 



E : earlier patent document, but published on. or alter 

the filing date 
0 : document cited In the application 
L : document cited for other reaeona 

& : member of the same patent family, corresponding 
document 



J 



European 
Patent Office 



EUROPEAN SEARCH 
REPORT 



Page 2 
Application Number 

EP 91 10 7322 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION <lnt. CI J) 



US-A-3 613 319 (SHOJIRO TAKIMURA ET AL) 
* column 4 - column 5 w ' 

JP-A-64 034 504 (SUMITOMO METAL IND.)1989 & PAT- 
ENT ABSTRACTS OF JAPAN, vol. 13. no. 214 
(M-827)(3562) 18 May 1989 



1,8,9 



TECHNICAL FIELDS 
SEARCHED (Int. CI .5) 



The present search report has been drawn up for all claims 



Place of search 



The Hague 



Date of completion of search 



17 December 91 



Examiner 



ROSENBAUM H.FJ. 



CATEGORY OF CITED DOCUMENTS 
X : particularly relevant If taken alone 
Y : particularly relevant If combined with another 

document of the same category 
A : technological background 
O: non-written disclosure 
P : Intermediate document 
T : theory or principle underlying the invention 



E : earlier patent document, but published on, or after 

the filing date 
D : document cited in the application 
L : document cited for other reasons 

& : member of the same patent family, corresponding 
document 



